Trace metals are usually inevitably contained in wastes, coals and so forth. When the wastes and/or coals are burnt, pollutants like NOR, SOx, soot, particulates, dioxins and heavy metal compoun d s are emitted from the furnaces. Some of the heavy trace metal compounds condense on the particle surface and/or form fine particulates during the combustion/incineration processes. Owing to the diffic u lties in capturing those fine particulates by means of conventional dust collection systems, those particulates tend to be exhausted into the atmosphere. In this study, fundamental behavior of the vaporization of Pb, Cd and Cr compounds was studied at relatively low temperature. In this experiment the effects of temperature and reaction atmosphere on the vaporization behavior of Pb, Cd and Cr compounds were studied using a thermobalance. The chemical thermoequilibrium calculation for each compound was also carried out in order to validate the experimental results obtained. As a result, the vaporization behavior of the metal compounds appears dependent on their respective melting points. Most of chlorides were easily vaporized at relatively low temperatures. This suggests that the presence of HCl enhances the vaporization of metal compounds, while co-existence of SO2 shows inhibition of the vaporization tendencies of Pb and Cd compounds. All of the Cd compounds vaporized in the reducing conditions. The results of chemical thermoequilibrium calculation agreed closely with the experimental results obtained.
Introduction
Trace metal compounds are usually present in stack effluents of many combustion systems like boilers, incinerators, industrial furnaces and combustion engines. Health and environmental studies have identified the scope and magnitude of the adverse effects after the release of these metals with exhaust gases into the atmosphere. Eventually increasing regulation in a number of countries has been imposed1)2). Table 3 Types of carrier gas ware, which is based on the minimization of the Gibbs free energy to determine the final reaction product, was used. In order to determine the chemical species of the involved species, it is necessary to minimize the Gibbs' free energy with respect to some constrains. If ni moles of i th species considered in a system of N total number of species, then the Gibbs' free energy change due to reaction can be defined by equation (1) (1)
Where,
Here, dG is the differential function of the Gibbs' energy, T is temperature, S is the entropy, and ui is the chemical potential, V is the gas volume and P is the pressure of the reacting system. In this systems, if aki is the subscript to the kth element in the molecular formula of species i and bk is the fixed number of kth element and M is the total number of elements, then it follows that these coefficients are defined by equation (2) . It therefore follows that the total Gibbs energy can be evaluated using equation (3). 
In equation (5), the upper part is applicable to gaseous phases while the lower part is for the condensed phases. The chemical potential at standard state of pressure is defined as, te, while R is the universal gas constant. Since these equations are nonlinear, it is necessary to employ an iterative procedure for computation time evolution composition of each element.
The calculations were carried out under the conditions similar to that of the experiment. The calculation conditions and species are shown in Table 4a ) and b), respectively.
Results and disscussion 3.1 Experimental results

3.1.1
Effect of the temperature on the vaporization of the trace metal compounds Fundamental vaporization behavior of Pb, Cd and Cr compounds in a simulated flue gas was tested experimentally. The results obtained are shown in Fig. 1 . In this figure, the vertical axis indicates the residual fraction of the metal, which means the percentage of metal which did not vaporize compared to metal in the initial mass employed, while the horizontal one represents the trace metal compounds used. The variable parameter here is the temperature. It Table 1 can be used to evaluate the vaporization characteristic. From the table, the melting points of PbCl2, PbO and Cd1l2 are 774, 1,159 and 841K, respectively. However, the melting points of all other compounds, except for Cr2(SO4)3, are higher than the experimental temperature. Although the melting point of Cr2(SO4)3 is quite low, it easily decomposes under the oxidizing condition producing a chromium oxide. Since the melting temperature of chromium oxide is too high, the Cr in Cr2(SO4)3 does not vaporize. PbSO4 and CdSO4 also decompose to PbO and CdO, respectively, and the melting point of PbO is lower than that of CdO. Thus, PbSO4 vaporizes a little more than CdSO4 at 1,273K. Cr compounds, except for CrCl3, do not vaporize.
3.1.2
Effect of the atmosphere on the vaporization of the trace metal compounds In order to elucidate the effect of the atmosphere, seven types of carrier gas showed in Table 3 were adopted. The designing temperature was maintained at 1,073K for all the experiments. Influences of the reaction atmosphere on the vaporization behaviors of Table 5 summarizes the major species (the mole fraction of these vapor phases is more than 1%) identified in the vapor phase for the three trace metals at the seven cases. From Figs. 5 and 6, the calculation results show that both PbCl2 and CdCl2 easily vaporize at low temperature. The vaporization of PbCl2 in the reducing atmosphere or in SO2 existence occurs at relatively high temperature. The oxide and sulfate of Pb have similar vaporization behaviors to those of Cd except under the reducing condition. Cd compounds are reduced to Cd, whose melting point is lower as shown in Table 1 under the reducing gas. Therefore, Cd easily vaporizes even at low temperatures. However, Pb compounds do not show similar vaporization behavior under the reducing gas. This is because the sulfate of Pb is reduced to form PbS with melting point of 1,387K, which is higher than the 3) All Cd compounds vaporize at low temperature in the reducing condition. 4) The tendency of the results of chemical ther-moequilibrium calculation agrees with the experimental results obtained, thus it is possible to use thermoequilibrium calculation code to predict the vaporization behavior of Pb, Cd, Cr compounds.
